the casual reader is impressed with the lack of unanimity in the interpretation of the extant data. It is evident that, unlike the situation in mammalian tissues, the existing information in microorganisms did not permit, at the time of Ajl's review, the formulation of a unified schema of terminal respiration in bacterial cells.
An historical development of the subject is not intended here-the interested reader is referred to Ajl's review for pertinent references before 1951. However, many significant studies on terminal respiration in bacteria have appeared recently and they merit mentioning. Utilizing an ingenious approach to the problem of acetate oxidation by Escherichia coli, Swim and Krampitz (1952) have demonstrated the anaerobic oxidation of acetate by intact cells using fumarate as the hydrogen acceptor, the over-all reaction being: acetate + 4 fumarate + 2 H20 --4 succinate + C02. This unique system prevents recycling and is suited admirably for an experimental attack on the problem of acetate oxidation. The C02 obtained from acetate-1-C4 contains no isotope whereas the succinate formed contained all the isotope, indicating that recycling is not occurring. Degradation of succinate to ethylene and determination of the relative masse of its two methylene carbons (derived from C2 and C3 of succinate) following a similar experiment with acetate-2-C3 indicated that the ethylene was labeled singly, i.e., had a mass of 29 (Wood, 1952) . The occurrence of a dicarboxylic acid cycle would call for doubly labeled ethylene (mass = 30) E. coli. Extracts of these cells prepared by Swim and Krampitz also oxidized intermediates of the tricarboxylic acid cycle. Citrate, for example, was oxidized to a-ketoglutarate in the presence of arsenite even though the organisms were grown in a medium containing considerable acetate (Krampitz, 1952) . Barban and Ajl (1952) (van Niel, 1928) . Included in Delwiche and Carson's work was a demonstration of the formation of a-ketoglutarate from citrate by dried cell preparations. Sguros and Hartel (1952) (Ajl, 1950; Barron et al., 1950; Dagley et al., 1951 (Campbell and Stokes, 1951; Ajl, 1950; Barron et al., 1950 (Campbell and Stokes, 1951; Lara and Stokes, 1952 (Dietrich et al., 1952) , and glutamate was estimated manometrically with glutamic decarboxylase prepared from E. coli, Crooke's strain (Ayengar et al., 1951) . Protein was measured by the quantitative biuret method of Gornall et al. (1949) . All colors were read in a Coleman Universal spectrophotometer; absorption spectra and the reduction of diphosphopyridine nucleotide and triphosphopyridine nucleotide were measured in the quartz Beckman spectrophotometer.
RESULTS
Simultaneous adzptation studies8. Data obtained manometrically on the oxidation of various tricarboxylic acid cycle intermediates by cells grown on the component compounds of the cycle have been tabulated (table 1) . Had the study been concluded with observations of the oxidative behavior of cells grown at the expense of acetate and pyruvate and had the dictates of simultaneous adaptation been used as a sole criterion, the inference that a dicarboxylic acid cycle did function in these cells could have been made. This concept is confused by the data obtained in instances where cells utilized malate, succinate, and fumarate as the source of carbon. Furthermore, if simultaneous adaptation were the only guide employed, a pathway of citrate oxidation not involving a-ketoglutarate would have to be inferred since cells grown on citrate exhibit a lag prior to the oxidation of a a-ketoglutarate. A mechanism of citrate oxidation not involving a-ketoglutarate has been suggested by Challenger d al. (1927) who showed that citrate was oxidized by A8pergillus niger by way of acetone dicarboxylic acid to C02, H20, and oxalic acid. Accordingly, the acetone dicarboxylic acid pathway of citrate oxidation was investigated using acetone-dicarboxylic acid prepared as directed by Adams et al. (1941) . CelLs grown on citrate were found to be totally inactive toward this compound. Thus, no common pathway of terminal oxidation can be invoked from the adaptive patterns of P. fluorescens unless it be assumed that a different pathway is followed in almost every case.
Cell-free extract studies. Extracts prepared from cells of P. fluorescens showed considerable endog- Sanadi et al. (1952) who noted that a-ketoglutaric oxidase from pigeon breast muscle and pig heart is only weakly inhibited by relatively high concentrations of arsenite. Additional evidence, however, will be presented which strongly implicates Figure 1 . Reduction of triphosphopyridine nucleotide (TPN) by isocitric dehydrogenase of P seudomonu fluore8cens. Each cuvette contained 0.1 ml of 0.025 M MnCl2, 1.5 ml of 0.1 X "tris" buffer, pH 7.2,0.3 ml of 0.1 M CO saturated NaHCOO, 0.2 ml of enzyme (1 mg protein N per ml), 0.2 ml TPN (0.001 m) and 1 mg isocitrate. Forty iM of a-ketoglutarate were added at the time indicated by the arrows. Total volume of each cuvette was 3.0 ml after the addition of a-ketoglutarate. appear that these organisms are devoid of diphosphopyridine nucleotide linked isocitric acid dehydrogenase. In this regard they are unlike yeast which has both diphosphopyridine nucleotide and triphosphopyridine nucleotide dependent isocitric dehydrogenases (Kornberg and Pricer, 1951) . The reduction of triphosphopyridine nucleotide and the reversal of this reduction by the addition of a-ketoglutarate are represented graphically in figure 1 . The reversal of triphosphopyridine nucleotide reduction by the extracts in the presence of d-isocitric acid upon the addition of a-ketoglutarate again demonstrates that this compound is intermediate in the oxidation of citrate by P. fluorescene.
DISCUSSION
That simultaneous adaptation data, at least as based on oxygen consumption, might not be adequate criteria for determining the pathway of terminal oxidation in P. fluorescens has been indicated (Barrett et al., 1953) . However, simultaneous adaptation studies assayed by a single metabolic function are essentially indirect, and a diversity of biochemical functions may be brought into play during the period of "adaptation". Some of these functions may not constitute enzymatic adaptation but may include changes in permeability, coensyme synthesis orientation at enzyme sites, and conversion of the subetrate to the true metabolic intermediates, i.e., phosphorylation or analogous processes (Stanier, 1951) . This would be true especially of the more specialized heterotrophic cells. In order to establish the true identity of an adaptive type of datum the metabolic background of the cell in point should be known. P. fluorewee is an unspecialized heterotroph capable of abundant growth on simple organic substrates, and it seems to be capable of synthesizing all its metabolic components at rates commensurate with this growth. However, when the direct relationship between the occurrence of an adaptive lag and the absence of a particular enzymatic system is sought, it is not observed. The fact that cis-aconitic acid does not support growth of P. fluorescens (which possesses aconitase) is interesting. Ajl (Ajl, 1951b; Ajl and Wong, 1951) chose to investigate the route of acetate oxidation in Aerobacter aerogenes "since this organism normally (sic!) oxidizes citric acid and can use this acid as a sole source of carbon for growth", the inference being that E. coli which is unable to "normally" oxidize citrate or grow when citrate is the sole source of carbon does not possess enzymes which attack citrate. This is an untenable position due to the fact that a number of other facts now available must be reconciled with it. The evidence for the presence in E. coli of citrate synthesizing enzymes which are very important components of the tricarboxylic acid cycle is now conclusive (see Ochoa and Stern, 1952; and Cohen, 1951 , for detailed reviews). While it is true that E. coli will not grow when citrate or isocitrate constitutes the sole source of organic carbon, it will grow and utilize citrate if certain supplementary compounds (e.g., glucose, acetate, glutamate) are present (Vaughn et al., 1950) . Furthermore, the assumption that A. aerogenes has a Cs cyclic respiratory mechanism purely on the grounds of its ability to grow on citrate must take into cognizance a little quoted observation by Koser and Kasai (1948) 
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The results in the present study were obtained by experiments designed, insofar as possible, to avoid the pitfalls discussed. Thus, only chemical and enzymatic analyses of reactant and product were used rather than the less direct method of oxygen uptake. In addition to demonstrating individual enzymes some attempt also has been made to demonstrate the orderly conversion of compounds in overlapping sequences, e.g., citrate --succinate, a-ketoglutarate -. succinate, etc. While the demonstration of the enzymes of the tricarboxylic acid cycle does not prove the operation of the cycle, the authors are in accord with Ochoa and Stern (1952) who state "so long as no other significance can be attributed to this group of enzymes, one may presume that the cycle is operative in the cell in question".
Evidence obtained with isotopic tracers which has led various authors to conclude that only the so-called dicarboxylic acid cycle is operative to the exclusion of the Cs cycle has not been discussed here. Such data will be treated in detail in forthcoming publications by Swim and Krampitz (1953) and by Saz and Krampitz (1953) .
The question posed in a prior report (Barrett et al., 1953) citrate, and (6) di-isocitrate + triphosphopyridine nucleotide -) a-ketoglutarate + CO2 + triphosphopyridine nucleotide H2. The enzymes concerned in the reactions appear to be present at corresponding levels when either acetate or citrate constitutes the sole source of carbon. The adaptive patterns of the intact cells would not have permitted the conclusion that the tricarboxylic acid cycle represents a significant pathway of terminal oxidation in these organisms.
